Saffron, the world's most expensive spice, is valuable for its color, taste, aroma, and properties, which are influenced by the postharvest treatments. In this research solid-phase micro-extraction coupled with gas chromatography-mass spectrometry was performed to analyze saffron produced in the area of Cascia, central Italy. The samples were dried under different conditions as a function of time and temperature. The main volatiles in addition to safranal were isophorone, 4-ketoisophorone, and 2,2,6-trimethyl-1,4-cyclohexanedione. In some samples, two new compounds (2,4,4-trimethyl-1pentene and 1,3,3-trimethyl-7-oxabicyclo[4.1.0]heptane-2,5-dione) were identified. Their content increased with drying temperature and time and they could be characteristic of saffron produced in the selected geographical area. Moreover the results confirmed that the drying conditions strongly influenced saffron volatile profile.
INTRODUCTION
Saffron (Crocus sativus L.) is traditionally used as a coloring or flavoring agent, but recent research has shown its potential to promote health. [1] During the dehydration process important modifications in terms of color, taste, and aroma take place in saffron. [2] Safranal (2,6,6-trimethyl-1,3-cyclohexadiene-1-carboxaldehyde) is the major volatile compound responsible for the aroma. [3] The concentration of safranal in saffron depends strongly on drying and storage conditions, in fact it is not present in fresh stigmas. During the drying process, the monoterpene glycoside picrocrocin is enzymatically hydrolyzed giving the aglycone 4-hydroxy-2,6,6-trimethyl-1-cyclohexene-1-carboxaldehyde (HTCC), which is transformed by dehydration to safranal. [4] Numerous authors studied the volatile fraction of saffron from different parts of the world [5, 6] or from the same zone, but harvested in different years. [7, 8] Some works regarded the study of the evolution of saffron aroma constituents during stigma development [9] and during storage [8, 10] but little research has addressed the modifications of saffron aroma during drying process. [1, 11] Different approaches have been used to solving the problem of spice volatile isolation/ extraction. [12, 13] Saffron aroma constituents have been mainly analyzed by gas chromatography (GC) techniques, generally coupled to mass spectrometry (MS). Many extraction procedures have been reported among which distillation, [14] micro-steam distillation extraction, vacuum head space, [15] supercritical carbon dioxide, [4] solid-phase microextraction (SPME), [8] thermal desorption, [5] and recently olfactometry. [16] In a previous research [17] the secondary metabolites (picrocrocin, safranal, and crocins) of saffron produced in central Italy (Cascia, Umbria) were characterized in order to evaluate their modifications due to different dehydration conditions, such as temperature and time. Spectrophotometric and chromatographic techniques have been used. As an extension of the cited article, in this work the volatile fraction of saffron samples dried in the same conditions was characterized by SPME-GC-MS. To the best of the author's knowledge, negligible previous analytical data relative to volatile fraction of saffron coming from the selected geographical area have been reported.
MATERIALS AND METHODS

Materials
Fresh stigmas of Crocus sativus L., harvested in the year 2011, in the area of Cascia in Umbria, (central Italy) were obtained directly from the producers, with the guarantee of their origin. The stigmas were immediately stored at 4°C in a dark place until arrival at the laboratory, where they were divided in nine aliquots, kept at 4°C in the absence of light until analysis. SPME fiber, coated with 50-30 µm Divinylbenzene/Carboxen/Polydimethylsiloxane StableFlex (DVB/Carboxen/ PDMS), was purchased from Supelco (Bellefonte, PA, USA). The nine aliquots were dehydrated in a hot air oven at different conditions reported in Table 1 .
SPME-GC-MS
Volatile compounds were analyzed by SPME-GC-MS as reported in a previous article. [18] The fiber was conditioned for 15 min in the injection port of the gas chromatograph at 250°C as recommended by the manufacturer. The heated samples were placed in a 25°C water bath. The fiber was exposed to the sample headspace for 15 min. Volatile compounds were analyzed with a Hewlett-Packard (Palo Alto, CA) 5890 series II gas chromatograph equipped with 5971A quadrupole mass spectrometer detector, split-splitless injector and an Econo-Cap EC-5 capillary column (30 m × 0.25 mm i.d., 0.25 µm f.t.; Alltech, Italy). Volatiles were desorbed from the SPME fiber at 250°C for 5 min into the injector port, in splitless mode. The injector and detector temperatures were set at 250 and 280°C, respectively. The oven was maintained at 30°C for 5 min, then the temperature was raised to 200°C at 10°C/min and then to 280°C at 25°C/min; the final temperature was held for 5 min. The mass spectrometer was operated in electron impact mode with electron energy of 70 eV. The interface and ion source temperatures were 280 and 180°C, respectively. The mass spectrometer scanned, in full scan acquisition mode, in the mass range 40-500 m/z at 1.2 scan/s. Data were collected by HP G1030 MS ChemStation (Hewlett-Packard). Compounds were identified by comparing the mass spectra obtained with those contained in the Wiley138 mass spectral library and in the National Institute of Standards and Technology database. [19] Statistical Analysis
The results, reported as mean value and standard deviation (SD) based on two replicates, were expressed as percentage of total area in the chromatogram. Microsoft Excel 2007 (Microsoft Corporation, Redmond, WA, USA) was used for data analysis.
RESULTS AND DISCUSSION
In this research volatiles of saffron dried in different conditions were analyzed by SPME-GC-MS. Numerous compounds were identified, many of which have already been reported by other authors while others, to the best of the author's knowledge, were not previously reported.
In Table 2 the relative percentages of the main volatile compounds are reported together with their characteristic MS fragments, while Fig. 1 shows the chromatographic profile of the saffron sample dried at 60°C for 75 min. The obtained results showed that safranal was the most abundant compound in the samples dried in different temperature-time conditions. Regardless of the drying conditions, the main volatiles in addition to safranal were isophorone, 4-ketoisophorone, and 2,2,6-trimethyl-1,4-cyclohexanedione.
The content of safranal was on average 69.3% with the highest value in sample dried at 55°C for 80 min (77.3%). Kanakis and colleagues [7] reported similar relative percentage of safranal (between 50.0 and 70.8%) in Greek saffron samples after microsimultaneous hydrodistillationextraction. The results obtained by the same authors [7] in the same saffron samples after ultrasoundassisted extraction (USE) indicated lower relative percentage of safranal (between 8.7 and 41.2%), thus showing the influence of the extraction methodology employed on the aroma composition. Lower safranal content (26.29%) has been reported also by other authors in Iranian saffron samples extracted by USE. [20] It should also be noted that safranal percentage ranged from 41.13 to 83.97% in saffron samples from Salerno and Sardinia (Italy) analyzed using SPME-GC-MS. [8] The results obtained in this study for the samples dried at 50°C showed an inverse relationship between safranal and HTCC content. This occurrence confirms the theory that safranal derives from HTCC [11] during the drying process.
Isophorone, one of the main compounds belonging to the C9 group of compounds, was more abundant in samples dried in more drastic conditions, as 55°C for 95 min and 60°C at all times. Isophorone plays an important role in the generation of new compounds during the aging process, but also during the drying process. [10] 4-ketoisophorone percentage increased with the temperature, but at the same temperature its content decreased with the increasing of heating time. In regards to 2,2,6-trimethyl-1,4-cyclohexanedione, an increase with drying time and temperature was generally observed, with the highest content at 60°C for 75 min. Also the content of 4-hydroxy-2,6,6-trimethyl-3-oxocyclohexa-1,4-diene-1-carboxaldehyde showed a similar trend. On the contrary, samples dried at 60°C did not shown 2,3-butanedione, which was more abundant in samples dried in less drastic conditions (50°C for 45 min and 55°C for 60 min). Also 2(5H)-furanone was found in large quantities when saffron was dried at 50°C, while the content was much lesser when saffron was dried at highest VOLATILES OF SAFFRON FROM CASCIA (UMBRIA) not detected.
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temperature for longer times. Its disappearance could be due to hydrolytic processes. This compound was never detected in Spanish or Greek saffron samples, while it was one of the main components of Iranian saffron which could be used as a fingerprint for Iranian saffron. [21] However D'Auria et al. [8] also found 2(5H)-furanone in saffron samples from Salerno (Italy) and reported that its content decreased during storage.
Among the less represented components, 2-hydroxy-4,4,6-trimethyl-2,5-cyclohexadien-1-one, a character-impact component of saffron, has been detected in all samples (from 0.3 to 2.0%), independently of the drying conditions. These results confirm those obtained by Kanakis et al. [7] Moreover some aldehydes, as 3-methyl-butanal, hexanal, nonanal, and benzaldehyde, were found. In samples dried at 60°C linalool, responsible of saffron's terpenic florality, has been also detected (about 0.5%).
Finally, in this research two new compounds (2,4,4-trimethyl-1-pentene and 1,3,3-trimethyl-7-oxabicyclo[4.1.0]heptane-2,5-dione) were identified. To the best of the author's knowledge they were never reported by other authors in saffron samples. Figure 2 shows their mass spectra. 2,4,4-trimethyl-1-pentene was more abundant in samples dried at 60°C while it was not detected in samples dried at 50°C. Also 1,3,3-trimethyl-7-oxabicyclo[4.1.0]heptane-2,5-dione increased with drying temperature and time.
CONCLUSIONS
In conclusion it can be stated that drying conditions significantly affected saffron volatile profile and some compounds could be considered as indicators of drastic drying conditions. Moreover some volatiles, as 2,4,4-trimethyl-1-pentene and 1,3,3-trimethyl-7-oxabicyclo[4.1.0] FIGURE 1 SPME-GC-MS profile of saffron sample dried at 60°C for 75 min. The numbers in the chromatogram refer to the compounds reported in Table 2 . heptane-2,5-dione, could be representative of Cascia saffron. Further studies using a large sample size are needed in order to characterize this product.
